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Abstract
Background: Electroacupuncture (EA) alleviates acute myocardial ischemia (AMI) by regulating some
brain areas, including hippocampus. The locus coeruleus (LC) is the main source of norepinephrine (NE)
in the brain, including the hippocampus, and regulates cardiovascular function. The aim of the present
work was to assess whether LC mediates the positive effects of EA in AMI by altering gene expression
levels in the hippocampus. We addressed this in the present study by hippocampus transcriptome
pro�ling in a rat model of AMI following EA treatment.

Results: Myocardial injury markers (ischemia-modi�ed albumin, homocysteine and lipoprotein-
associated phospholipase A2) in the serum were downregulated in EA (P<0.05) compared to the M group
and upregulated in E+L group (P<0.05) compared to E group. RNA sequencing analysis of the
hippocampus revealed that the downregulation of 27 genes in M vs S as well as upregulation of 40 genes
in M vs S were reversed by EA. These differentially expressed genes, which were validated by quantitative
real-time PCR, were enriched in 20 Kyoto Encyclopedia of Genes and Genomes pathways related to
glycerolipid, glycerophospholipid, and arachidonic acid metabolism as well asnervous system function
(glutamatergic, cholinergic, serotonergic, GABAergic synapses). 

Conclusions: LC mediates the bene�cial effects of EA on AMI-induced injury may be related to the
observed transcriptional regulations in the hippocampus. These results provide molecular-level
evidence for the therapeutic e�cacy of EA in the treatment of AMI.

Background
The World Health Organization predicts that cardiovascular disease, which includes acute myocardial
ischemia (AMI), will be the leading cause of disease-related mortality globally in 2020[1]. There is a close
physiologic and pathologic relationship between the cardiovascular and nervous systems, as evidenced
by the observation that myocardial injury, can lead to inactivation of neurons in speci�c brain regions[2].

Electroacupuncture( EA ) regulates interactions within neural networks[3, 4] and has been used in the
treatment of various diseases, including cardiovascular disorders[5]. There is substantial evidence for the
e�cacy of EA in the treatment of AMI[6–8]. The limbic system is the highest regulatory center of the
autonomic nervous system, which regulates cardiac function. The hippocampus is an important brain
structure in the limbic system that is linked to the cardiovascular system via the hypothalamus, solitary
bundle nucleus, and medulla oblongata[9]. The proliferation of neurons and astrocytes in the dentate
gyrus of the hippocampus was found to be reduced and enhanced, respectively, in spontaneously
hypertensive rats[10]. And cognitive dysfunction due to AMI in adult mice was correlated with decreases
in reactive gliosis and neurogenesis in the hippocampus[11]. In our previous work, we showed that EA
alleviates AMI in the hippocampus via regulation of the autonomic nervous system speci�cally through
the synergistic regulation of the sympathetic and vagus nerves by the hippocampal paraventricular
nucleus and solitary tract nucleus, respectively[12–14]. These results suggest that the hippocampus is an
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important central brain structure mediating the positive effects of EA following AMI. However, whether
other brain regions are also involved, and the molecular changes underlying these effects are unknown.

The locus coeruleus (LC) is the main source of norepinephrine (NE) in the brain, including the
hippocampus, and regulates cardiovascular function[15–18]. Noradrenergic projections from the LC are
activated upon exposure to noxious stimuli[19] and loss of LC noradrenergic neurons decreases NE levels
in the central nervous system (CNS)[20, 21].

We speculated that the LC mediates the positive effects of EA in AMI by altering gene expression levels in
the hippocampus. We tested this hypothesis in the present study by RNA sequencing (RNA-seq) analysis
of the hippocampus in a rat model of AMI following EA treatment.

Result

EA alleviates AMI
Serum levels of three myocardial injury markers differed between the sham (S), AMI (M), EA (E), and AMI 
+ EA + lesion (E + L) groups,as determined by enzyme-linked immunosorbent assay.The rank order of
ischemia-modi�ed albumin (IMA), homocysteine (HCY), and lipoprotein-associated phospholipase A2
(LP-PLA2) transcript levels was M > E + L > E > S. The levels of all three markers were signi�cantly higher
in the M group compared to the S group( P < 0.01 ) and were lower in Ecomparedto M(( P < 0.01 )
(Fig. 1).IMA, HCY, and LP-PLA2 were upregulated in the E + L group compared to the E group( P < 0.05, P < 
0.01, P < 0.05 ).

EA alters the levels of active substances in sympathetic
neurons
The expression levels of the GAP-43 mRNA were highest in the M group, followed by the M + L group and
E group, and were lowest in the S group. Compared with the S group,the expression levels of GAP-43
mRNAwas signi�cantly increased ( P < 0.01 ) in the M group.Compared with the M group, the expression
levels of GAP-43 mRNA was signi�cantly decreased(P < 0.05) in the E group. Compared with the E
group,the expression levels of GAP-43 mRNA was signi�cantly increased(P < 0.05) in the E group. The
expression levels of the TH mRNA were highest in the M group, followed by the M + L group and E group,
and were lowest in the S group. Compared with the S group, the expression levels of TH mRNA was
signi�cantly increased ( P < 0.01 ) in the M group. Compared with the M group, the expression levels of
TH mRNA was signi�cantly decreased (P < 0.01). Compared with the E group, the expression levels of TH
mRNA was signi�cantly increased(P < 0.05).The rank order of NE transporter (NET) gene expression was
S > E > E + L > M.Compared with the S group, the expression levels of NET mRNA was signi�cantly
decreased ( P < 0.01 ) in the M group. Compared with the M group, the expression levels of NET mRNA
was signi�cantly increased ( P < 0.01 ) in the E group. Compared with the E group, the expression levels of
NET mRNA was signi�cantly increased (P < 0.01) in the E + L group (Fig. 2).
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Hippocampus transcriptome pro�ling
Gene expression pro�les of the hippocampus were determined by RNA- seq and compared between S, M,
E, and E + L groups. After removing unknown bases (N) > 5%, low-quality sequences and reads that were
too short, 20.71, 41.44, 20.32 and 20.25 Gb of clean bases were obtained from 152.85, 305.58, 149.33
and 147.57 Mb of raw data for the S, M, E and E + L groups, respectively. The Q30 ≥ 88.03% in all cases,
indicating good data quality (Table 1 and Figure S1). The ratio of matched reads in the sequence
alignment exceeded 91.78%. In all matched reads, the uniquely mapped reads are more than 86.19%.
These results indicate that the sequencing depth was su�cient for analyzing differential gene expression
between groups. The threshold for differentially expressed genes (DEGs) was de�ned aslog 2FC ⩾1 and
Q value⩽0.001. The heat map (EXP > 1) revealed differences in the gene expression pro�les of the M and
S groups (Fig. 3a) indicating that AMI was associated with signi�cant changes in gene expression in the
hippocampus. EA also altered transcript levels, as evidenced by the DEGs between the E and M groups.
Additionally, the gene expression pro�lesof the E and E + L groups differed, suggesting involvement of the
LC in mediating the effects of EA in the hippocampus of AMI rats. There were 703 DEGs between the S
and M groups, including 391that were up-regulated and 312 that were down-regulated (Table S1).
Between the M and E groups, there were 567 DEGs, including 312 and 255 that were up and down-
regulated, respectively (Table S2). Of the 473 DEGs between the E group and E + L groups, 141 were up-
regulated, and 332 were down-regulated (Fig. 3(b) and Table S3).The Venn diagrams revealed 67common
DEGs between M vs S and E vs M, and 254 DEGs common to E vs M and E + L vs E (Fig. 3(c,d)).
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Table 1
Summary of RNA sequencing results.

Group Sample Raw
reads

Clean
reads

Q30
(%)

Clean read
ratio

Total
mapped(%)

Uniquely
mapped(%)

S S1 50946206 45891112 88.41 90.08 91.92 86.57

  S2 50945566 46006896 88.7 90.31 91.85 86.62

  S3 50945984 46231830 88.56 90.75 91.78 86.19

M M1 49189326 44740580 88.21 90.96 92.14 87.22

  M2 52585260 47687462 91.12 90.69 92.92 87.76

  M3 50945510 46098634 88.66 90.49 92.05 87.03

  M4 50945754 46079410 88.8 90.45 92.15 86.91

  M5 50945670 45660720 88.03 89.63 91.65 86.5

  M6 50945572 46060494 88.14 90.41 92.13 87.01

E E1 50945274 45632592 88.55 89.57 91.83 86.99

  E2 49188076 44788752 88.97 91.06 92.08 86.97

  E3 49188242 45073502 89.23 91.63 92.39 87.5

E + L E + L1 49188236 45059832 88.93 91.61 92.15 87.27

  E + L2 49188160 44845222 88.93 91.17 92.08 87.01

  E + L3 49188216 45064528 89.05 91.62 92.39 87.46

Gene Ontology (GO) analysis
GO term enrichment was evaluated to categorize biological processes associated with the identi�ed
DEGs (Fig. 4). In the S vs M comparison (Table S1), the DEGs were mostly related to cell
adhesion(Col6a5, Itga10, LOC102553715, LOC108348159, Col15a1, Gpnmb, Pcdhb2, LOC108349816,
Dscam, Glycam1, Glycam1, Tnr, LOC100910275, Pcdhgb5, LOC108353166, Pcdhgb6, Fbln7, Cdhr1, Prkce,
Cx3cr1, Cdh6, Wisp3, Col5a1, LOC103693608, Thbs1, LOC108348121, Pcdhgb4, Dgcr2, Pcdhb21, Pdzd2,
Dpp4, Pcdh1, Pcdhgc5 and Cdh4) and ionotropic glutamate receptor signaling pathway(Grid2, Cdk5r1,
Grik3, Gria1, Camk2a, Grin3a and Grin2a). In the M vs E comparison (Table S2), the DEGs were primarily
associated with ion transport (Scn5a, Best3, Slc5a5, Scn11a, Slc22a2, Slc22a8, Kcnj13, Slco1a5, Atp2b4,
Atp2b4, Kcnq1, Lcn2, Kcnf1, Slc24a1, Gabrq, Atp4a, Slc40a1, Hfe, Chrna4, Fxyd6, Tspo, Clic3, Steap1,
Slc4a5, Scara5, Trpv4, Gabre, Slc5a11, Slc17a6, Slc38a4, Slc4a2, Cftr, Slc5a7, Kcne2 and Clic6) and
neuropeptide signaling (Adcyap1, Nmur2, Crhr1, Tac1, Sstr1, Pnoc, Npsr1, Ntsr1, Ecel1, Penk, Grp, Prlhr,
Glp1r, Nmbr). The DEGs between E + L and E groups were mainly related tocilium movement (Ccdc151,
Ccdc114, Pih1d3, LOC108349819, Rsph4a, Dnah11, LOC103689994, Hydin and Cfap100) and
iontransport (Scn5a, Best3, Slc5a5, Chrna5, Slc22a8, Kcnj13, Slco1a5, Atp2b4, Kcnq1, Grin3b, Kcnf1,
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Gabrq, Atp4a, Slc40a1, Hfe, Chrna4, Fxyd6, Tspo, Steap1, Slc4a5, Scara5, Trpv4, Slc17a6, Slc38a4,
Slc4a2, Cftr, Kcnk16, Kcne2 and Clic6) (Table S3).

Kyoto Encyclopedia of Genes and Genomes(KEGG)
pathway analysis
The functions of DEGs were also investigated by KEGG pathway enrichment analysis (Fig. 3a-d). Of the
67 DEGs at the intersection between M vs S and E vs M(Fig. 5a,b and Table S4) and 254 DEGs common
to E vs M and E + L vs E( Fig. 5c,d and Table S5). most were associated with metabolism, including
glycerolipid (LOC100911615), glycerophospholipid (Pla2g4f), Arachidonic acid (Cbr1, Pla2g4f) as well as
with nervous system function including glutamatergic synapses (Pla2g4f) and long-term potentiation
(Pla2g4f). cholinergic (LOC102547029, Slc18a3 and Gng4), serotonergic (LOC102547029,
LOC100912642 and Gng4) and GABAergic (LOC102547029, Gng4 and Gabre) and retrograde
endocannabinoid signaling (LOC102547029, Gng4 andGabre) (Figure(5b)). Other KEGG pathways that
were represented among the DEGs were related tothe immune system functions, including helper T cell
17(Th17) differentiation (RT1-Bb, RT1-Da, RT1-Db1, RT1-Ba), Th1 and Th2 cell differentiation(RT1-Bb,
RT1-Da, RT1-Db1 and RT1-Ba) (Fig. 5c) and tometabolism, including ether lipid (Pla2g5, Enpp2 and
Pla2g4f) and arachidonic acid (Ephx2, Pla2g5, Cbr1 and Pla2g4f) (Fig. 5d).

Validation of DEGs by qRT-PCR
We validated select genes identi�ed by RNA-seq (LOC103692976, Atp5f1 and LOC100910540) by qRT-
PCR (Fig. 6). In comparing group M vs S, LOC103692976 were down-regulated for the most with the
normalized expression level were − 8.259136854. Whereas, gene LOC103692976 were up-regulated for
the most with the normalized expression level were 7.517556 in comparing group E vs M. In comparing
group E vs M, gene LOC100910540 were up-regulated for the most with the normalized expression level
were 7.998673649. Whereas, gene LOC100910540 were down-regulated with the normalized expression
level were − 7.022411553 in comparing group E + L vs E. In comparing group E + L vs E, gene Atp5f1 were
down-regulated with the normalized expression level were − 9.763899547. Where genes Atp5f1 were up-
regulated with the normalized expression level were 1.015374966 in comparing group E vs M. These qRT-
PCR results were consistent with the RNA-seq data for LOC103692976, Atp5f1, and LOC100910540.

Discussion
EA is generally recommended as a treatment for ischemic heart injury, including AMI[22, 23]. IMA, HCY
and LP-PLA2 are markers for AMI[24–26]. In this study, serum levels of these markers were elevated in
the M group, but this trend was reversed in the E group, suggesting that EA alleviates AMI. An association
between AMI and metabolic activity in the CNS has been reported [2, 27]. And the LC has been shown to
regulate cardiovascular activity[28].Our data showed that IMA, HCY, and LP-PLA2 were upregulated in the
E + L group compared to the E group, suggesting that LC mediates the bene�cial effects of EA on AMI-
induced injury.
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Autonomic nerves play an important role in regulating cardiac function. and their dysfunction has been
implicated in cardiovascular diseases[29]. Narrowing of coronary arteries can lead to increased activity of
sympathetic nerves and further constriction of blood vessels, which can exacerbate ischemia[30].
Sympathetic nerve remodeling occurs in ischemic areas of AMI, resulting in the upregulation of TH(a
sympathetic nerve marker[31]) and affecting systolic and diastolic heart functions[11, 32]. In this study,
TH mRNA level was increased in the myocardial tissue of the M group compared to the S group, in
accordance with previous �ndings[33]. However, TH expression was reduced in the E group compared to
the M group, implying that EA suppresses sympathetic excitation. NET is also involved in cardiovascular
function and disease[34]. We observed that NET mRNA expression in myocardial tissue was lower in the
M group than in the S group, but higher in the E group compared to the M group. GAP-43 is a neuron-
speci�c protein that plays an important role in axon outgrowth in neurons [35]. Following nerve injury
GAP-43 is upregulated in regenerating axons, which is positively correlated with sympathetic
excitability[31].However, this can aggravate myocardial injury. EA exerts cardio protection by inhibiting
sympathetic excitability. The differences in TH, NET and GAP-43 mRNA levels between the E group and E 
+ L groups provide further evidence that the LC contributes to the inhibitory effect of EA on sympathetic
excitation.

The hippocampus is a critical brain structure for memory and cognition as well as cardiovascular
function. Cognitive de�cits have been reported in patients with cardiovascular disease [36–38]and heart
failure patients exhibit damage to the hippocampus[39, 40].We previously showed that the mechanism by
which acupuncture alleviates AMI-induced damage in the hippocampus is through synergistic action of
the paraventricular nucleus, which regulate the sympathetic nerve and the solitary tract nucleus, which
regulates the vagus nerve[12–14].

In the present study, we investigated whether the LC is also involved in the effects of EA in AMI. By
transcriptome analysis, which revealed clear differences between M and S, E and M, and E + L and E
groups (Fig. 3).Moreover, the 67 common DEGs observed in the M vs S and E vs M comparisons and the
254 common DEGs in the E vs M and E + L vs E comparisons indicate that AMI alters gene expression in
the hippocampus but that this is reversed by EA via a mechanism involving the LC.

The GO analysis identi�ed speci�c biological processes that are relevant to the therapeutic effects of EA
in the context of AMI. A signi�cant GO term in the comparison of S vs M was the ionotropic glutamate
receptor signaling pathway(Table S1). Glutamate is involved in re�ex regulation of central vascular
function by the nucleus tractus solitarii [41–43]. And AMI is linked to the activation of glutamatergic
neurons. Consistent with a role for the CNS in AMI, genes that were differentially expressed between the
M and E groups were mostly associated with ion transport and neuropeptide signaling (Table S2). AMI is
known to cause abnormal ion transport[44]. Neuropeptide Y is neurotransmitter released by sympathetic
nerves[45]. Our data suggest that EA ameliorates AMI by modulating ion transport and the neuropeptide
signaling in the hippocampus. The DEGs between the E and E + L groups were related to cilium
movement and ion transport. changes in NE concentration have been shown to affect the speed of cilium
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movement[46], Thus, the LC may alter the activity of NE neurons in the hippocampus of AMI rats in
response to EA.

KEGG pathway enrichment analysis showed that pathways that were most highly represented by the
DEGs common to M vs S and E vs M were related to metabolism(including arachidonic acid metabolism)
and nervous system function (synapses for speci�c neurotransmitter types)(Fig. 5a,b).This is in
accordance with the reported association between eicosapentaenoic acid and arachidonic acid and
cardiovascular disease, and the fact that their ratio is a risk marker for coronary artery disease[47].
Increased activity at excitatory (eg, glutamatergic and cholinergic ) synapses has been linked to
cardiovascular injury[48–52]. Similarly, serotonergic and GABAergic synapses in the CNS in�uence
cardiovascular activity[53–55]while central cholinergic transmission induces cardiovascular changes in
hypertensive rats[56]. Our results demonstrate that the aberrant activity of hippocampal neurons induced
by AMI can be at least partly mitigated by EA.Our data showed that the expression of multiple genes was
altered by AMI and restored by EA treatment.

Ischemic myocardial injury results in the upregulation and post translational modi�cation of factors
involved in cell cycle regulation, such as cyclin-dependent kinase-2[57]. In this study, LOC103692976 level
was down and up regulated in the hippocampus in M vs S and E vs M comparisons, respectively. Gene
annotation revealed that LOC103692976 is involved in the positive regulation of cyclin-dependent protein
serine/threonine kinase. DNA methylation plays a role in the control of neurotransmission[58]. The
LOC100910540 gene, which is related to methylation, was up and down-regulated in the E vs M and E + L
vs E comparisons, respectively. Glycogen is the main source of energy in the brain[59, 60] and
glycogenolysis generates energy for neurons in the form of ATP, NADH and lactate[61]. Atp5f1 was upand
down regulated in the E vs M and E + L vs E comparisons, respectively. Atp5f1 is involved in ATP
metabolism. Thus, the LC affects energy metabolism in hippocampal neurons in response to EA
treatment.

Our study was limited by a small sample size that precluded extensive statistical analyses. Additional
studies are therefore needed to clarify the molecular mechanisms underlying the bene�cial effects of EA
in AMI.

Conclusions
Our data demonstrate that EA is an effective treatment for treat AMI that functions by inhibiting
sympathetic activity. We also showed that the LC mediates the positive effects of EA on AMI, possibly via
regulation of metabolism and neuro transmissionin the hippocampus. These results provide empirical
evidence for the therapeutic e�cacy of EA in mitigating tissue injury caused by AMI.

Methods

Animals
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Adult Sprague Dawley rats(SPF, male, 180–220 g, 6 weeks)) were obtained from Jinan Pengyue
Laboratory Animal breeding Co. Ltd (number of animal license SCXK ( Shandong ) 20190003 )and
housed in the ventilated cages with free access to food and water. All animal procedures were conducted
in accordance with the Animal Use Guidelines of Anhui University of Chinese Medicine and Anhui
Laboratory Animal Center(Approval number:AHUCM-rats-2020002). During the experiment, the pain and
discomfort of the animals were minimized and the number of animals was reduced. The rats were
randomized to S, M, E and E + L groups. Experiments were performed among 24 rats with six animals per
group. The study design is depicted in Fig. 7.

AMI model and EA
The AMI model was established as previously described [14, 62], with some modi�cations. Brie�y, after
iso�urane-induced anesthesia(4%), coronary artery ligation was performed on the left anteriorartery in the
M, E and E + L groups. A high T wave and J point elevation ≥ 0.1 mV on ECG implied successful
establishment of the AMI model. Rats in the S group underwent surgery without arterial ligation. EA
stimulation parameters and location have been previously described [14], Speci�cally, the Shenmen(HT7)-
Tongli(HT5) segments were identi�ed relative to the human meridian line. For rats in the E and E + L
groups, three sterile electrodes were inserted into these segments. the frequency and voltage of
stimulation were set at 2 Hz and 1 mA, respectively. EA treatment was administered for 30 min daily for 3
consecutive days. For rats in the S and M groups, electrodes were inserted but no current was delivered.

LC lesioning
A mixture of rAAV-�ex-taCasp3-TEVp-WPRE-pA and rAAV-DBH-CRE viruses[63] was injected into the LC
bilaterally at thefollowing coordinates (AP: -9.84 mm, L: 1.4 mm and H: -7 mmfrom Bregma ) [64].

Extraction of tissue sampling and RNA-Seq experiment
After three days of EA. rats were sent into a con�ned euthanasia chamber(size:32 × 25 × 20 cm, Shanghai
yuyan scienti�c instrument co. LTD,Shanghai China), and then100% CO2 was released into the chamber
at the �ow rate of 2L/min for 10 min. And the hippocampus was quickly removed and �ash frozen in
liquid nitrogen and stored at -80◦C until use. Three or six hippocampus tissue samples were obtained
from each of the four group (S, M, E, and E + L) for RNA sequencing. Total RNA was isolated using TRIzol
reagent (Invitrogen, Carlsbad,CA, USA) according to the manufacturer’s protocol. RNA quality was
evaluatedwith a Lab-on-chip Model 2100 bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). RNA
concentration,purity, and integrity were assessed with a spectrophotometer (Nanodrop Technologies,
Wilmington, DE,USA), Qubit® RNA Assay Kit and Qubit® 2.0 Flurometer (Life Technologies, Pleasanton,
CA, USA) and Model 2100 bioanalyzer, respectively.RNA-seq libraries were constructed using an
NEBNext® Ultra™ RNA Library Prep Kit for Illumina® (New England Biolabs, Ipswich, MA, USA) according
to the manufacturer’s instructions. The quality of each sample library was determined with a Model 2100
bioanalyzer. The libraries were sequenced and paired-end reads were generated using a BGISEQ-500
platform (Beijing Genomics Institute,Wuhan, China).

Sequence �ltering, mapping, and annotation
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Raw reads with unknown bases (N) > 5%, low-quality sequences and reads that were too short (less than
16nt) as determined using FASTX-Toolkit (v0.0.13) were discarded. Paired-end clean reads were aligned
to the rat reference genome (NCBI assembly Rnor_6.0) using TopHat2[65] with default parameters. The
numbers of reads mapped to each gene was counted with HTSeq[66]. Uniquely localized reads were used
to calculate reads number and reads per kilobase per million mapped reads value[67] for each gene. The
clean reads were assembled into the transcriptome and expression levels were calculated using Cu�inks
software (http://cole-trapnell-lab.github.io/cu�inks/). The genes were mapped to the KEGG database
(http://www.genome. jp/kegg) using the BLASTx tool with a cut-off e-value of 10 − 5, and the GO
database (http://www.geneontology.org/) was used for gene functions annotations with Blast2GO[68].

Analysis of DEGs
DEGs were analyzed using edgeR package[69]. DEGSeq R package v1.20.0[70] was used to evaluate
DEGs in the hippocampus of each three ratsper group. Fold change in gene expression was estimated
using edgeR. The threshold for signi�cantly differential expression was log2 (fold change) ≧ 1or P-value 
≦ 0.01and false discovery rate( FDR) < 0.05.

GO analysis
GO analysis of DEGs was performed using GOseq R package[71], in which the P-value is based on the
Poisson exact test. GO terms with corrected P value (FDR) less than 0.05 were considered signi�cantly
enriched for a DEG. KEGG pathway enrichment analysis for DEGs and statistical enrichment testing were
performed using KOBAS software[72], with a corrected P value less than 0.05 set as the criterion for
signi�cant enrichment.

Validation of DEGs by qRT-PCR
Three up-regulated and three down-regulated DEGs identi�ed by RNA-seq were selected for qRT-PCR
validation. These genes covered the whole spectrum of differential expression (ie, log2 fold change. from
− 9.76 to + 7.99). The QuantiNova SYBR Green PCR kit (Qiagen, Valencia, CA, USA) was used for qRT-PCR,
which was performed according to a standard protocol on the Step One Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). The primers used for PCR ampli�cation are shown in Table S6. The
reaction conditionswere as follows: denaturation at 95 °C for 1 min, followed by 40 cycles of 95 °C for
15 s and 63 °C for 25 s. Successive qRT-PCR assays were performed with three biological and three
technical replicates. To verify product speci�city, a melting curve analysis was performed after each
ampli�cation. mRNA levels were normalized to that of the housekeeping gene β actin and relative
expression level was calculated with the 2−ΔΔCt method[73].

Data analysis
Data are expressed as mean ± standard deviation and were analyzed using SPSS v21.0software (SPSS
Inc., Chicago, IL, USA).P < 0.05 was considered signi�cant.

Availability of data and materials
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The analyzed data sets generated during the present study are available from the corresponding author
on reasonable request.
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Figure 1

EA induced antimyocardial ischemia like effects. “(a)”show the effect of EA on IMA released into serum.
** p < 0.01,compared with S group, ** p< 0.01, compared with M group, *p< 0.05,compared with E group.
“(b)”show the effect of EA on HCY released into serum.** p< 0.01, compared with S group,** p < 0.01,
compared with M group,** p < 0.01, compared with E group. “ c ”show the effect of EA on LP-PLA2
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released into serum. **p < 0.01, compared with S group, ** p < 0.01, compared with M group, *p < 0.05,
compared with E group.

Figure 2

EA alters the levels of sympathetic active substances. “(a)”show the effect of EA on GAP-43 mRNA. ** p <
0.01,compared with S group, * p< 0.05, compared with M group, *p< 0.05,compared with E group. “(b)”
show the effect of EA onTH mRNA. ** p< 0.01, compared with S group, ** p< 0.01, compared with M
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group, * p < 0.05, compared with E group. “(c)” show the effect of EA on NET mRNA. ** p< 0.01, compared
with S group, ** p< 0.01, compared with M group, **p < 0.01, compared with E group.

Figure 3

Summary of DEGsanalysis. “(a)” show the Hierarchical clustering. “(b)”show the number of the DEGs. “(c-
d)”show the Venn diagrams of common DEGs.
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Figure 4

Enriched GO terms of identi�ed DEGs. “(a)” show the GO term of DEGs between M and S group. “(b)”
show the GO term of DEGs between E and M group. “(c)” show the GO term of DEGs between E+L and E
group.
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Figure 5

Enriched KEGG pathways of the identi�ed DEGs. (a–d) Pathways of these overlap genes were analyzed
using KEGG pathway program, based on overlapped gene numbers shown in Figure 3. “(a)” show the
KEGG pathway of DEGs from the 27 genes of Figure 3(c); “(b)” show the KEGG pathway of DEGs from the
40 genes of Figure 3(c); “(c)”show the KEGG pathway of DEGs from the 79 genes of Figure 3(d);
“(d)”show the KEGG pathway of DEGs from the 149 genes of Figure 3(d).



Page 23/24

Figure 6

Validation of RNA-seq results for LOC103692976,Atp5f1 andLOC100910540genes by qRT-PCR. (a)
LOC103692976 levels in groups S , M and E. (b) Atp5f1 levels in groups M, E and E+L. (c) LOC100910540
levels in groups M, E and E+L. Transcript levels were normalized to that of the housekeeping geneβ-actin,
and calculated with the 2-ΔΔCt method. Three biological replicates were analyzed.



Page 24/24

Figure 7

Schematic diagram.


